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fhe nature and mode of action of ct-,rttrolling elements in maize 

h:zs been discussed in a number of publications by the author and by 

others. Two or more elements may operate as a unit in the control 

‘k, - 
\ of action of a specific gene, and each such set of i;-lterrelated 

cLjntrolling elements forms a system. E-7ch system, in turn, operates 

quite indenende~~tly of all others. Systen:s of coiitr,Tlling elements in 

maize were originally discovered because the ir:dividu,al members within 

each transposed from one location to anothr in the chromosollle 

comgle ent without 1os:ng their identifying chanacteristics in the process. 

By this me.ans, it was ;>ossible to distingl~ish diffe-f-ent sy,s:-ems of 

controlling elements and the manner by which e:3ch sys--em op;-rates in the 
!-\b& 3 

control of C;ene action. /zi iaec3use of transposition of -&e compo:-#ent 

elements of a system, it & 14-lfewLse possible to examine the operation 

of a particul:?r systm at a number of different gene loci and conversely, 

to examine the operation of different systems Lit the :S me gene locus. 

It should be emphasized, however, that although tr::ns&osition of 

controlling elements in maize m.ade it gossible, origi ally, to recognize 

their presence and their modes of operation, stich tr-ns$ositizn need not 

c.haract-lrize the beh~'vior of all controlling elements, for it is known 
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th t a controlling element th:3t hid srevio!lsly undergone tr~~ns~ositin 

may beco;;e fixed in loc,:t,ian in the chroll!oso;;;e cor:qlel~.ent. 

Recent discovery of systems Ff lfcontrolling ele;i;ents" in bacteria II 
CidJJ-kw 

(Jacob, et al., 1360 a b) whose modes ofnaction resemble these of so:le 

systems alre-ldy ex.amined in maize, eases the task of discussing controlling 

elements in maize. zhe systems described by Jacob are composed of two I 

elements each. One of them,called the 'toper,ator'i is located adj;cent 

to the "structural gene". The latter, when activ*?ted, is responsible 

for the amino acid sequence of a specific protein whe17eas the fo-mer 

serves to control the activation of the adj icent "structural gene". 

The second elei;lent of the system, termed the "regulator", nay be located 

close to the "structurGb gene" or it may be located elsewhere in the 

b,::ct rial chrojJl OS orle . It is responsible for the prodAction of a 

repressor substance, -- not a protein -- Jth:2t appe .rs in the cyto;?lasm. 

The "ope:tantor" eler.lent,respol-ids to chan,,es in degree of effective action 

of the repressor subsz-:nce by co;:trolling the degree of acti-V4ty of the 

structural gene in acco-dance with such ch:?n es. %Lch system is his ly 

specific, for ea?.ch ope-!a::.:tes ;iuite independently of all others. 

The resemblance of the "opj:rator-regulator" systems in b=lct--ria to 
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the systems of controlling elements in maize appears to be more than 

coincidental. The "6perator" in bacteria may be homologized with 

the controlling element in a system in maize that is located adjacent to 

the "structural gene". The " ' element in bacteria may be 

homologized with the element of a system in maize th!t is independdntly 

located in the chro,.osone complement. As in the bacteria, the element 
moR%dq* 

at the locus of the s'ructilral gene responds to&%% by inducing modification 

of We action of the structural gene. In maize, the response of the 

"operator" (da element to change in the effective action of the "v" 

element may resillt in controlled tJpes of mutation at the locus of the 

*\ \' 
"structural gene", or,in some cases,it may respond merely by turning on 

+. * 
or turning off the action of the str:Jctural gene. That these two 

apparently quite different types of effects pDDduced by the 'lopcJratorlt 

-w m\w%~' II 

A are merely two aspects of the type of control of gene action by a$ 

"0pC~ratore" 
&beRc) 

will be made evident in this report. It is proba,ble2that 

the basic mechanism of action of controlling elements is alike in all 

organisms>even though the responses of the structural gene to such 

controls may aype.ar to be quite diferse. It is expectd thrit the nt?.t:re 

of this basic mechrinism will be revealed in further studies of the bacteria: 

systems as it is possible to examine tPis with a gre.>ter degree of 

prec i.sion, both at the chemical and th: ge:,etic level,than is usually 



possible in many of the higher organisms. 

It is the purpose of t%is re::ort to consider a type of co:trol of 

-hit- gene action by a system in maize w&+e+~&, ,f ~~ct~o" resembles th?t ofsa\rs. 

f?.q?wm 
reported ~.RMM in bacteria. An'oper to; controlling element is present 

at the locus of the gene 11 ‘2 ( -* Dssociated with production of anthocyanin 

pigment in plant and kernel) in the short arm of chromoso-.e 5. fhe 

u%JJfin 
independently located element of this system, COOP rsble to the "m" 

element, discussed above, has been designated ikppressor-mut;tor and 

symboloeed as %. 'his system was first discovered when the operator 

was present at a gene locus associated with development of chlorophyll and 

3ocus was then designated lum for mutable luteus. - Trns;osition of 

the operator element to the locus ofA occurred in a plant having lu" -. 
4a.Q m-l 

Following its iylsertion, the locus was designated s2 as it was the 
4 a' 

first case of mutability arising at the $ locus in the dold Spring %rbor 

cultures. dubsequently the operator element appeard at the locus of > 
a kernel on the e&flofculture 

Al in the long arm of chromosome 3 in,a plant in &&r@ s2- 

and the modified locus was designated z$ m-l . Recently, t@e operator 

was inserted at the '!g locus in the short arm of chromoso!ele 9 and it 

first appe-tred in a kernel on the ear of a plant carrying a, m-l . This 

case received the symbol wx m-8 
- as it is the eighth case of iystability 



arising at the VLE.locus t 

Sprin? _ iisrbor culture It h,?s been possible, then, to examine the 

mWoperation of the ;)pm system at four different sene loci. It has 

been det,:r:ined that the operator element, adjacent to the structural gene, 

controls the ty e of action of the gene that will be expressed in the 

presence of Spm and also the type that will be expressed in its absence. 

Basically, the mode of operation of t&is system is the s2me at all four 
-a-t ,,QpA" ,,(Q?,lqbl) ai 

gene loci (am, a2m-1, glrnml and wx m-8 
4 - 

). The original isolate, in each 

case, exhibited some degree of c:ene action in the absence of 5pm and this 

action remained the same in successive cell and plant generations as long 
hi.Wdi@*) 

as Spm was absent. - In the presence of Sk, however, gene action !4as 
4 

suppressed until a mutation-induci g event occurred. LVith e?ch of the 

original isolates, this evefioccu-tred in soTe ce'ls, early in plant or 
7 

kernel development, T and there were two main corse uences of it: mut::ti.on L 

to age&&&e 
tflatu,G& VyI-ta, QJ-pT&h lAJdJ-& 

allele of the gene concerned, or a modification, prob-idly 
1 

affecting the operator element at the locus, that is reflected in 

subseluent cell and plnnt generations by altered responses of the locus 

both in the presence and in the absence of spm. In the past, the 

latter modification h*qs been termed"change in s-t-te" of the locus. In 

the pr sence of Spm, the alti?red str,tes zre distinguished, one from the 
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other, by differen::e in the tL!::e of occurrence of mutation-inducing 

events during development of a tiss,..ze, by the frequency of their 

occurrence at any o-fte time, and by diffe-renl:es i>, tyues of stable sileles 

that res(;i lt from the j,:ut~~~tir~n-ii_d-sci~,g events. They are also distinguishe 

one from the oth!?r, by the tyrje of gene action thqt occurs in the absence 

of spm,and among the many diffe-.ent states of aim-' and a2m-1 that h%ve 

been isolttti:d, a wide range is exhibited in ty-r)e and intensity of antho- 

cyanin pigment in plant and k:?rnel in the absence of Spm, from no 

pigment with one normal A2 type pigment 

production -tiith others. All those states th,at responu to darn by producing 
n% 

stq*ble mutstions are grouped under the headirlg of the class I states. 

In addition, a stitejdesignated class 11,hss arisen on several independent 

occasions from the original sty-te of a2 m-l . 'I'h is state hns been of 

considerable significsnce in the stud:T of cortrolliY2g ele,ler,ts in th-tt its 

behavior mimics thc?t of so-;ae 02 the described gene control systems in 

bactc~ria. In the absece of "pm (or when it is Dresent but in its 

inactive phase, see below) this state of a2 m-l produces anthocjranin 

q)J ad h.dwq 
pigment in plant and k+Arnel thst Se- eA& that produced by the 

AT locus before the opg.:rator element entered it. vvhen Z?rn is present 

and fully active, no anthocyanin is _nrodTnced either in plant or kernel. 
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Howeve:r, in c!nntr-?st to the class I states, no gene muttions occur and 

no evidence has been found of removal of the operator from the locus by 

transposition, as occurs wcth the class I states. This stqternent is 

based on an analysis of the class II state in hundreds of plants and 

%i 
through 7 successive plant generatix-Ins. ~ %hk state appears to be quite 

stable. The action of the A2 gene is "turned on" in the absence of Spm 

UhdLD c1IKpp&a-w 
and "turned off" %-n its presen&. It cannot be aruged successfully that 

rc 1' 

the "turning off" of gene action, that is, the absence of pi.gment in 

ddti 
plant and kernel when s;prn is present, occurs at the level of the gene and r\ 

nevertheless 
under the direct control of the operator. It is clear, iu.mimml~, th.lt 

the operator is necessary for thti! observed effect as no "turuling off" of 

d.0 * v/Q?i!i-qM* . . gene action occurs in the presence of apm when In A2 locus is 

present. &e&&a normal A2 locus is present, n-vld also an active Spm element 

the plants and kernels are fully pigmented, 

The behavior of the .Spm ele,ent likewise h-s been examined in detail. 

It undergoes mutation, trsnsgosition, and cyckicslly occurring change in 

-@ h A&- he. 
phase of activity,, th,t: is, 

y+-4 

a~+ive~to /( inontivo a& refuznA.o-a&Ax&+ A 

uome of the mut:-iti!ns result in a weakening of its capacity to induce 
4 

mutation with the class 1 st tes without inducing a correspondirg 

?Jeakening of its suppressive action. . . CWs;:lt in a WZakLning of 



ethers result in a weakfning both of its capacity to suppress ._ene 

acti:>n and its capacity to induce mutation with the class 1 St.-ites, 

"ome of the@mut?nts are Highly st-:,ble whereas others are quite unst‘:ble, 

dw"uwplcmc;g 
ret!.nn to full Spm expressiiJn occurr& in some so .&tic cells in 

tyy:es are E%EZG 

+H%s plant kernel. 1llustratio:;s of these zu mt 

in figure 2, *Letaeral different met?-ds h-lve been u':ed 

to examine transposit:sn of dpm and these are reviewed elsewh-.re 

(Mcdliztock, 19560. It h,-3s been le,?r$ned th t different isole,tes of Spm 

undergo transposition at differe-f?t tii-!es in :\lsnt development. Lne 

isolate, extensivel<:: examined through three successive plant .:;enerstic-jns, 

un?-e::soes tr*?ns.nositiX?n e,-i.rly in plant development. Uther isol.ates, 

on the otner hand 9 may rarely undergo tr::nsl:ositi ., either cl‘lri-ng ,+&H&J 
I 
le. 
development. Z-till other isolates may undergo 

tr?ns>ositlon only late in plant development. It h?s been le.:rned 

ths,t a chance from a fuly active Spm to one th-st is wezklg actiT/e, or the 

reverse, arises as the cor-se~uence of a sl gle imut?ti:)nal) event affecting 

Spi;m &tself. It is not yet known, however, whether a mutational event 

is responsible for the expressed differences in tiae of occurrence of 

tr?.nsposition of 3pm during @ant development andAthe fre,luency of this 

<at any one time, 



dhe t?;ird mentioned modifica~tion of aprn reltes to its alternrttinz 

cycles of activity within a plant and a description of this will be the 

main subject of t'ris re:)ort. "or example, a fully active I-'~III nay be 

introduced into a zygote. As the plant develops from t is zygote, the 

C 

sctivty of Spm may beeturned off co:i:plecely in SOWP cells. ITo evii; ence 

will be given of its pr esence in the descendent cells until, in sorite of 

* 
them, Spm activity is*turned on a;;ain. Ihe presence of d_nm will then be 

made evident in the descendents of these latter cells. I'he duration of 

any one phase of activity of bpm, -- either active or inactive -- may be 

long in some cses, or sho-rt in others. In some c,ases, the dt!ra.%ior of 

one phase may extend over a number of plant generations where :s in others cl, 

AuwJiml J$ 05.~~4~~ &&~wd +?m kGdd' $9~4. 
rather fre?uentyhalterations in ph.-i.se of activity may occur. ,+, Then 

a class I st::.te of either a m-l 
1 or a m-l 

2 is present, and 

p~&f&wL 
with a long duration of its active phase, a vepstrcc~kx p?:tern of 

anthocyanin streaks in a non-pigmented background appe rs in the plant, 
clMs+iQ@@~&ti*.w&. 

.d The particular pclttern, in a fiw?ha~ 

r-- L 
f the particular 

CQ g&&j QLW" CfJ up-' 
state th:Jt is present in the plant. If, however, the Zpm element 

vi 1 

is undergoing freq ent change in i.ts phase of activity during the 

(iA&+ 37&L \ Q-t.+ cLl,@ti d--q & ~~~ _- 
development of the plant, the pattern of anthocyanin distribution in the1 

-M&plant may be exceedingly irregular. Sgment will anpear in those arec:s 



of the plant in which sprn is in its inactive phase. 

a non-pigmented background will a>-;r,ear in those areas of the plant in 

which dl;rn is in its active phase. However, the patterqof pigented 
4 

may be 

quite different withinnthe same plant. I'his is because no mutational 

events will occur at either a m-l 
1 or azm-l until $x3 enters its active 

phase. If it enters this phase e:-lrly in _nl:-;.nt development, large 

L4Ji.&mqdkp&Id~ 
pigmented arezs may ,a;nf~ :r in a non-pigmented background. 

A If, hoiirever, 

it enters the active phase rather l.ate in development, o-&y small pigmented 

streaks will anpe?r in a non-pigmented background, ,,the 

class Ii sxte of a2 m-l is present in a plant, the distributi.;n of Figmente 

"% 
and no&uigmentc.>d areas rVTfleet for each area, reg-rdless of its size, L th'e2 

3 
y-i.rticular phase of activity of 3pm that is present in the cells of the -B" 

T ,a.,rea. In thpr non-pigmented areas, Sprn is in its active phase and in 1% 
c 

the Tigmented are.is, Spm is in its inactive phase. Often, within 8 

non-pigmented area, a number of similiar sized, uni ormly distributed 

pigmented XICHEXX appear f4 -w, within a large pigmented area, a number 

9U-?+Wa3id,@ uJ.d.idiho SidXSGiW 
of simil~~r~sixed~uniformly distributed,Npigmented XICEIX A 

b I Puch patterns of pigment distribution reflect the 

dAi 
-,. . . . e-e any any one time1'm.e ln ch,.,c cf 2ctlvL,tJ7 of h n 3 t ._ 
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from active to inactive in the former ex?.rr,l-ile &8nd from inactive to active 

in the l,atter e:<:wple O Lhus, the ~12~'s II s:;J.te of a3 m-l has been 

partic:?larl 7 useful in examining cyclically occurring chsn::es in phwe of 

activity of Spm. 
* 

JJd+& 
I'he "pm &azw~A whose cyclic:t? Ly occurr I ing chfinges in _nhTse of 

T,ctivity h,?.ve been exar*:ined in cor:sider:-able det;r.il,was %E one th3t ~~-1s 

was lot ted in the s:,ort arm of chr -,*losome 9 and w?s closely linked ,Irith 

vu\ bf 
'fSRre gene rzqrker k/x. ti c2seJ of e-:rly occ:lrring tr3nsL;ositi-)n of tis Spm 

4 

-^C. L., Eiowever , it does tr7nspose,.and the time of occl,~rrence 

development. The frequency of tr:nsposit;-:n is not very I-!igh, TOP will 

/MLbBp& 
A 

be &&icz.t;e$ l,iter. 

7& m-1 a,nd ,a m-l 
2 1 2nd of the reasons for the di"fe:,onces encountered in 

control 
e:ise of detection of the,sysL 'rn sssociatG?d :,t:ith e>ch. h.1dy of a2 w -I 



1.1 

was undertaken before th :t of a m-l *m&w 
'1 ' - 32ki-eqwe '- 9 -. ., :+-e 

okhm-ed of the L.0d.e of oper-:.tion of the system t&t x=s res ansible for 

c:,ntrol of gene action at a Cl-1 
L;bi,d.~.h~ydti* 

2 4. In contr s-t, progress in t?!is respect 

w3.E rel-tively ranid in the study of a1 m-l . lhe reason+ for this 
p!t$bi in the two cases~9WH k?0!.&4- 

difference in ease of detection of the>&stem,bee++e clear when it was 

reali,zed thc>t the ;ipm ele ,ent in the ori_gin& a m-l 

ih 
1 c::lture had a very 

long active ritxxar~~~~~ phase :qhere-)s the O~sp ekenent in the a m-l 
A 2 c~.CLt~.~res 

%dbh 
~~tla.s under&i_ng frequent chyn::e in piise4 during L d.tnt d-e-;vel.o?r!ent . 

in the two c~.9ture s 
donfirmation of th& di'ference$ in behavior of the 390; ele-c::e,.ts,-2rs.s 

&a I . 
obtained throlq;h interchan;,e of $m eleu!ent$ bet.:een the a m-l and a, m-l 

2 

cYLtllres,nnd also by isolation of Lpm derivatives within e ~.ch clilture 

Y:rhose behq&vior was modified, either toward slxbility of a phase of 
cMJh%% 

activity or towrds frc,J-uently chsnzes in ,rih,-se of activity, A 4 



;xperiments aimed at elucid-,ting the peculiar beh;.rvior of s?rn 

commenced in the summer of 1956, utilizi- g for t?-,is purpose both the 

class I rend c&%&s II st-:tes of a m-l 
2 l 

ihis retort will cofcentr,te on 

those studies thf:t utilized the class II s-t-iteland ?or resisons o:!tli.r.ed 

km 
above. In earl&.&r studies of this ~&zsFSS st::te, it he4 been 1:arned 

that an a,8parenQAfull A%2 u r,'en.e exyression ws Ad appebr in @ant and kernel 

in the absence of Spm,and th?t gene actin would he sur,pressed in its 

presence. Xowever, pigmented areas did a-ppe:r in plants and kernels having 

this st*mAe of a2 m-l and Ssm. It was also re.-ilized that,,in gcneralJthe 

xreas 
pattern of such pif;mented XEE&X reflected the number of Sjpm ele::;ents that 

T:iere present: the more "pm elercents that were present, the fewer and 

smaller were the pigmented are:;s. Removal of Spm from s~)!!e cells dJri g 

develo?nent by the transposition mechanism might hr:ve been invoked to 

account for the aoperarrce of the Ficrneni~cd are'ri.s. liowever, the >a..-terns 

of ni,zment distribution made it evident thrl.t removal of "pm by . . tr~-~s+~:t~ c 0: 

could not be responsible for many of the pigmented areas th,t z;l)e?,rnd. 

Ihis was because within a fully pi:;mented area, smaller non?igment ed a:=e3s 

often 
were,present and within solute of thepe l,:+i;tej;, in turn, pigmented stre-:ks 

cnr@T~ tiLim$AAa 
i2npe-ared. i-J** 

-1 
zests thLrt haB made it bossible to underst:~nd4t~~i&~-a 
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commenced in the summer of 1956 with !:rodeny of ~l:zlts in c..ltixe 

number 7109, to be described below. 

ihe pl:in;s in crlture number 7109 origixted from vrieg:;ted kernels 

(pigmented sqots in a colorless b?ckground) on an exr of a gl.snt th3t 

had the following coistitut:on: a2 m-l (cl;iss II st te) &/a2 bt in 

chro:.,osozles 5 , Xx +/wx Ypm in chr)mos3. jes 9, and one additia-al 3l.m not 

linked to m rkers in either of these chr,~!ios,xles. Ihe silks of tzis 

e.::r h~,.d received y>ollen from a ;jl-nt th.-lt was hoi:io;5ygoi_Ts for a2, bt, 

and. 'ix and had no opm. Among the a m-l 
2 ca rying class of kernels on the- 

e 3.r , there wer'e fully pigLiented kernels and v~jriec;Tted ke:-neis, tW1-t is, 

t-r:ose that ii.;d s jots of :lntLiocyanin pi;?,, tent iz a colorless b?~c!q;ro:xd. 

dome of the v i-1, * <:;:ited B::-nels sh\j.:Jed oAy s ~.becks of pig ent and wzre 

the :g:i:ht to h:tve received both of the dgrn ele:.lexts thak were present in thd 

of the two "?rn eleirlent tb t were prezent in the female p:-xr:nt. ylants 

'de:- e gr 0Fn fr :im the two ~13~~~23 of v,;:rie,.,.:ted ii;-xlels, 5 fro:2 xcrnels 

of the fir:,t t.jr:Je e;n."l 6 frtim kernels of the latt::- t; e. x number 1 

of diffe en-t ttir;es of test crosses ;vere cti..citicted with e ch j?l .nt. 

don.firx?ti'Jn was 02 .i.ned frond th.:se tes 2s of the i3reseiice of two 32rn 

wle:.ie;.-:s in the ::lants derived frus the former menti .,i:.ed t,:,m #e of 



v-2rieg~Cted ki-rnel snd of the presence )f Orie $-pm in e‘~-ch of the six $1:in-es 

derived from the latt:.r ty :e of v rie. Aed ke!nel. This re .*,ort will 

consider nai:liy the teats th t :ge-re cx duct;-d in successive years with 1-1 

progeny s ,cmming; from three of these l.~;ter six :;l nts, th--:.t is, tho.;e th;-it- 

arose from kernels th t s?io;,vred many piL:ment~d sgots in a colorless 

background. ihe co:.,s-titutiiln of these three plsn-:;s proved t3 be as 

follows: two ;lari ts we-e a2 m-1 Jt/a2 bt, .$x +/WX tiprn (pl.n;s 710913-l and 

6-2) and one ?l:nt (71035-4) XLS a2m-1 at/a2 bt, ;Ix/wx, and h I(?* i "pm I 

not c zried in the short arm of chra. :~so !e 9. 

The a:,pe:lrance of the kernels on e%rs :;roduced by the six 1'1,llt-o 

in c:ll-hre 7109 b; and 2 it-hat is, thee t2pJ.t :;w:r'~ c~:,s&&erti-----b h.?-4 one 

Lpm ~TLG+Z&/ when crossed reci~.roclly wit:1 i:lznts hoz:~~zyg~.,:~s for a,, bt, 

and s.'x and hs?vi.ng no Spm, are entered in -lpIole 1. Ai tie rly ex;qessed 

1 : 1 ratio of f :lly gigme: .ted k r ..els to k- rnels th~;t showed gi:;merited 

spots in a colorless background :~,;ip‘tred on the e'zrs produced by all 

til.ers of these pl~3ts excep t th-,t of tilltr-1 of ylnt d-1. however, a 

pronounced de iation in f.!vor of the ?i;;Lgented class appezed a:-.on,g the 

:.re nels on the e,r prodiirced by the main st.Ak of pl ants 7109-3-l and 

'i'lOgd-3, and to % lesser exkent on t5s e:-ir ijroduced by slants 7109Ll 
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rnd d-2. *%ny of the k:;-rnels in the pigmented clas s were uniforziy and 

dee.ply pigmented but in so: e kenels placed in tl-As class in the t :ble, the 

intensity of I;i~:~ient over the aleuro: e layer :;'!s ngt uniform. uight1.y 

pi;gented 2%:' 3 -I LS or even so.:.e clorless are :s were pr2,sen-t but sharply 

defined bord.ers beti;leen are-,s with different .;igzent i;itensities, or 1,e-t een 

pigmEn-ted and notipigmen-ted ai'c_:s tdJe:ae n;;t usual. This gave the ke;nels a 

diffusly-mottled a$~ :zrance (see photo, figure ). i-t the til.le of 

obse vation of these kenels, no attempt w,as rn.~rcle to place in a se?,ar ,.te 

class those kernels exhibiting different grades of this diffusely-mottled 

plienot.;;Ie as it was evident th.:tt this class graded int- the fully and 

uniformly pigmented class. Subse l.uent tests proved, however, th.t all of 

the plants derived from the diffusley'mottled kernels c rried an "pm 

ele:.,ent in them .as did some of the plants derived z'rom k?rne&s on tese 

e-rs th;lrt were uniformly and deelIly pigciented. 



ihe err of tiller-l of >l?nt 7109B-2 ~lzs self-pollin.:.ed. -~-!r,OTl~ 

the 367 Bt k+,Ty:els on the resulti.?;g e'?,r only 23 were car-:>l+?j:?ly colorless. 

Jixteen of tLe3e colorless kernels we-e -:x 2nd 7 were wa, :.mong the 

w 
ren>,q,i Ing 344nkeTnels, 87 were 

4&Q LtAqfw$ 
dee-,:ly pigmented of w'.kch 84 were 

A 

'Yx Q nd. 3 were wx o One Fit kernel exhi_bited the diffuse-mottled phe?oty:e, 
256 

and it was ix. ill of the rer?,ai ing,Rt kc kqnels were v:-triecL:t?il in that 

diriviied, roq;.i:ly, into three clz~ses: tl=ore th7i.t shoT:red only 3 few s:?ecks 

of Figment, of which 11 we e .!x 2nd 20 were FIX, thase th-lt hod. 2 num+!er of 

l?@T s;ots '1s well *as so,'e s;;ecks of _nipment, of which 105 wei-e ':ix ?nd 

well as 9 number of smCaller pi..I.:leylted , of which64 :~ere $':c and 14 

'7e r e wx . Other crosses co ,d:lctc' d wit?! ?lsints 7109E-1 sad 7109%2 

thgt need not be o-dtl.ined hcre,had iz!dic‘~zted th t in both pl+&~ one .jpm 

X=IS y,re?ent 2nd th t it was loc:itcd close to wx in chrni,loso e 9. Cn the 

stlf-pollin-<ted c‘?r of the tiller of ;>lznt 7109'L2 the ratio of 84 .Tx : 3 

wx a~onz the uniform.ly nxxrj: ,igrtented !<Crnels snd of 180 ‘:!x to 76 wx ,mong 

in the s~11mm~r of 1957, 
e--' Plants w -re grown,under c~C!.ture number 7308, from the uniforzlg 

'\ 
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v:Lrie,nted Lb 
pigme;lted Bt, VJX ciass, froa; so e of theAkernels in the Bit, :ix and bt, wx I A 

classes and I"rom 5 Kernels in the colorless, bt, wx class. slants 

derived -?rolli tile ia$ter class of kernels were ex::ected tti be ho::iozygo..is 

for a2, bt, and wx, and to cz. ry Spm at a known lot ,titin in chr some 9. 

Cnly tw;, of the five plsni;s survived. In both of them, 3 si:;,le 6pm 

eler.!ent was present, and subse,,uent ests indicated th::t it w:.,': loaited 

close to wx in one oEr&noso:.;e 9. Jhese two plants, 73083-l and D-2, vlere 

extensively used as pollen parents in crosstis to 2lzn-5s c . . ..rying not only 

the class II St.-.te of a2 m-l but also to ;;lants carrying AZ class I 

m-l fit&e of a2 . The 'behavior in subsejuent generations ori' bhe Spm eleizent 

in e?ch of these two ?lan-6s (see G and D of t*!lble 3) has contributed 

much to an undersanding of cyclical changes in phase of activity of spm, as 

will be mtde evil ent later, 

Bec*:luse hundreded of plants h :ve been tes i,ed to det:ri:ine ?+1rheth:r or 

not Apm was present in them, and if so, the ph-se of its activity in 

differaent parts of the same plant, it will not be feasible to give a 

det:?iled :'Lccount of the results obtained from e,-:ch such test. Therefore, 

exa.r;;.,les will be chosen the-It will illustrate the n:?.ture of the tests that 

‘:lere ~a:~~ducted with these gli-7n-Gs and the conclusions th t may be drawn 

from e..ch. Before d.oin,l, so, the rec,.der is advised to inspect table 2 
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which summ >yizes the r- sults obt-:ix;ed from tesis th :t were conducted 

throllgh successive gener :.ti.Jns wit:- the 3srn ele;:ent thrAt was Tresent in 

pl,ant 7109B-1. This plant had one Spm element closely lil?ked with wx in 

the short arm of chro..iosoxe 9. The S:;:m elexent Baa in its inactive phase 

in the cells th:it g;ve rise TV; the e !r of the main stalk. Kiis was 

indic:ted by the uniform distributix of anthocyanin pigmentation in the 

main :;t*ilk of this :&Ant and also by the phenot,mJ-pes of the kernels on the 

ecir it produced (table l), flo;kiever, the phenot:;L,es of a few of the 

kernels on this e-.r indic Ated th:at _‘, u-nrn was pmaesent in the cells that 

contributed to this ear and that it h.ad ente;aed its acti -e phase very 

e rly in develo$nent of a few of them, or had enteri:d the iictive ;ha,se 

later in development in some cells of other kernels. In the cells that 

g-;.ve rise t o the e:-r on e?ch of the three tillers of ,:lant 71CgB-1, 5pm 

T.J& s in its acti.;e phase. This -way made evident not only by the a.?pe trance 

of these tillers, in that they exhibited streaks of anthocysnin :~i~ment 

in a nonpigimented br:Lcki;round, but also by the ratio of kernel types on 

the eG;rs produced by ech (table l), The ;?ollen of the main st.xlk of 

212nt 7lOgB-1 was also used in making cross-s and it was made evident 

from the t.;-:;les of kernels on the r.:sulting e i:rs -that s;ji,le grains c _ ried 

5pm in its active phrxse whereas soi,,e others carried dprn in its inactive 



Pble 2 included the Results ._,I tests o ly of tho.:e progeny of 

plant 71093-l that c.rried Spm. ;i number of pro.eny z~lnts th 4 did not 

carry Spm w:~s ,G.so tested an& the methods used to determine Tdhetiier Spm 

is absent in a pl;;nt or is present in its ijl:YLctive phase will be 

cJ::sidered shortly. In tzis t..=ble, the symbol li-ll indicates that Spm 

ws inactive not only in the cells thzit g'.ve rise to the e'r, but also in th 

cells th:T-t gave rice to the aleurone layer in all k:rnels on the ear. 

'The symbol !'vd" (very delayed return to the :_tctjy-e phase) iY;dLc tes thit 

:Zpm WLIS inacti e in the ceils that g:tve rise to the e .r .and also in 

tilc,se th#,t gave ri:ze to nc.-,rly all of the kernels on the eT:r; a return 

to the :<ctive phase was seen only in so ,e s::rts of a few kernels on these 

e,=! rs . The symbol Vdtt (delayed return to the iiCti e phase j i,;dic.-,-t.:s thst 

the jpm ele,$lent was i:i;tctive in the ce Is that g ve rise to the e r, but 

th:;-t it hyd c>lsn;Jed t-1 the sctive phase iii. a number of kc:rneis on the 

e.r, being in its ac.ive pliase izi so18;e of them at the st .rt of endosperm 

develo.~.::ent . The symbol "+'I i:sd cites thtit Spm was in its active 

phase in the cells that g.ve rise tc, the e..ir, turnZlLg to its i.,, ctive 

p~I~~se in so;ze cells during endosperr; develppnent. The symbol (+ -) 

illdic.z!tes t&it, a pzrt of the ear aro:se from cells in wliich dpm -,WS in its 

active ph-ise whereas another p.:.rt arose from ceils in which 3pm lic3s in 

its in LctiiJ-e p?:ase. Jars of ti:is tg*;e exhibited shzrply defined sectors 
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with Lpm active in one sector and i: active in the other. 

Table 2 reveztls tht the inactive ph-ise of dpm, present in the main 

stlzlk of _;liLnt 7109%1, remained in tZ,.is @se in the tes-ted ,:.zts of 

pl*nts over four successive plant gener.:Lti ns, and exhibited the sc,me 

pattern of behavior in each gener,tiIn. In plants h ..vi:,, t1lis inactive 

&pm, return of it t3 the active ph.zse was very much delayed. In general, 

visual evitience of this in the L;ixnt WCS given only by tiilers. In so:.e 

tillers, the ch-tn,e of "pm T'rom in:d,c-tive to active ~8s exhibited by the 

presence of non;.iig:i;lented sectors in an otherwise pignented ti_ller, and 

$iCttCn some of these lztter sectors, in turn, small pigmented streL-]~ks were 

present. 

In this study of alternating ch;z?nges in phase of activity of tipm, a 

number 0-f tests were c.J -.ducted to deternine (whether or not the presence of 

an active "pm in the s.a<me nucleus with an inactive apm would effr,ct a change 

in the latt r. W idence obttti Led from tests of Ais tCi :e indic-jte thrt the 

active 3pm does not initiate change in ph:ise of the in-!.ctive "pm nor does it 

appe P to alter the durati.n of an inactive phase. One such test, 

conducttid b,Cth the intictive dpm originally present in the main Ttalk of 

pl;snt 71098-1, is recorded in A of table 2 under culture number 7780~~ 

xe.~:r 1960. The plants in this culture arose from a2mW1 carrying kernels 
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on an e r of pl:nt 7599B-4 (see Year 1958, Table 2 a) th,-it :iras a2m-1 

(clsss II) B-t/ a2 bt, V?X +/WX Spm-in.:Lctive in co .stitution when crossed by 

a plant that was ho .oz~~gous for a 29 bt, and wx, and that had an active dprn 

li ked with wx in 01-e chro:::osoAm.e 9. The giants in culture 7780~ grew 

from k-.rnels selected from t3is e:w be,:cuse e..:c?l had recedlved the inictive 

Spm from the female parent (originally derived fro1.i the main stalk of g1.an.t 

71093-l) and th e tactive jpn ele..ient from the rn,;le parent (this aprn 

originally derived from tiller-l of plant 7109b-2). The plant in 3 of 

culture 7780 were derived from kernels t.hz-t had received the ac-Live dgrn 

from the male parent but no Lgrn from the female parent. AS the tible 

ii: die -: t e s , the inrwtive apm, originally present in the nail: stalk of :l-nt 

710913-1, a pe. red in the progney ;glants of culture 7780~ and exhibited 

quite the same behavior with respect to pi;;:ase as it exhibited in the 

ancestor ?l;llnts in which it was the only opm ele::lent th.3.t wts present . 

The sa.rr;e Ypm element thlzt was in an i,:active ghzise in the main si--1k 

of p1:3nt 7109~3-1 was in an active phase in the cells that gave rise to the 

e':ir of e:ch of the tillers of this Ilsnt (t-able 1). The activity phases 

of t3.s apm in cells givin& rise to ears in successive genersti%lns of 

plants are recorded in 2 of t :-3le 2. In the t >iJle, the letter T (tr2ns- 

,,ositi ,n> befo:Fe the plant nulilber i ~dic--!$es thtit -Lie pl:!nt carried this 
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Ypm at a new loc;:tin in the chrol.zoso:~;e co. ple:,ent. The _olznts in B of 

culture 7306 (ie.r 1957) were derived from the very few kernels on the e.zr 

of tiller-l th,:lt iile e sus~jected to have received more than one Ajpm eler,lent 

from the 7109%1 parent plxt, the additional Spm h.ving arisen throu:zh 

the transpositi n mechCbnism. khe plants in culture 7560 ('e r 1958) 

were derived Yrom the recozbi-ant cl.ass of kernels on the secxd esr of the 

msin stalk of plant 7306~-1. AS indic :t.d in a. previous ;:ublic j.ti n 

(&icClLtock, 1956) the ;henoty>ic recxcbinant class may be a coivl;:os,t, of 

i,;dividuals sortie of which represent the true croSsover class and otkr of 

which c'arry a tr-ns;:,osed dpm ele:,ient, and do not represent the true crossove 

class. *t will be nosed -thJt the behc:vior of Spm derived from tiller-l 

of ,Aunt 7109B-1, whethtzr in its origkal lot -tion or trxx,osed, with 

reg.:rd to phase of ::.ctivity in the ce -1s that Q ve rise to the te..tec; e,%rs 

in B of c::hle 2, is ..;uite diffctrent from th:zt of the s :::e Q?rn element in an 

inuctive : ,iiaSe, derived from the mail-: s-kslk of glnt 71093-l and registered 

in A of this table. dh.xnge from the z::ctive to the in.:ctive phase occu-rred 

in soxe ce.l.ls e-rly in @ant development, but in many other parts of the 

plant, such chc:)nge was delayed, occurring i SOGe ceils only la-e in lsnt 

developent, 
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Li;;iil~-ir types of test as those outlined above, we :e CQ duct d with 

theSpm carrying progeny of tiller-2 of plaint 71093-l. apm was in its 

active Ghnse in the ce Is thrzt g:ive rise to the e :r of this tiller, 

Its beh.vior in succdssive generLti~~ns is recorded in C of t:\ble 2. 

In general, its be3Tl-vior wi-~s simil.j.r to that in tiller-l. tinly two 

comments regard,ng this need be made here. Lirstly, it may be _ointed 

out that tests of "pm locztion in eight ~~l:~nts derived Tron the 

recombinant class, entered in c;_l,ltures 7561, and 7562, yellr 1958, did not 

reveul a case of trnsposition among them. 'lihe second corlment is 

directed to the first e'!r of the i-lain s~slk of l;l,ant 7561-4. The 

constitution of t ‘is plant was a 2 m-1 (cl-~ss i1) Bt/az bt, ',iix Spm/wx +. 

The silks of the first ear of the main st_lk of this gl:nt received pollen 

from a ,;lant ho,,ho:Zygoi.!s for a2, bt, and wx, and in which no AiIrn was 

present. 'Ihe resulting e,lr was sectorial. Apm was in its aczive 2!i7:se 

in all p3rts of ti:.ls ear except for a sector in the middle of the ear in 

wl.;ich no evidence of Ssrn was ,iven by any of the a2 m-l Barryin,: ke:[nels 

within it. ILernels with a m-l 
2 that :qe;;'e also Bt and .;x and having an 

active Zpm in them, derived i~'ror,l that p rt of th?e r in w.. ich >2rn was 

active, were sown in 1960 under cul-ture number 7777-L and B. %1ly 

pi;g;:r:en-t ed ( a m-1 
2 ) cnrrx Lng ke::I-nels th::t 51reze Et znd ,;x were sown under 
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C and D of ciullture 7777. ~~11 of the Al-nts in culture 7777 c~ried Spm 

in the :x chro;xso; 'e co :tributed by the fe;;;ale pe:. ent. Ho .L ever , it ~3s 

totally inacti;e in all of the cells th.?t co;:: ributed to e :ch 0-r" the tested 

e2rs of lants in C and J of culture 7777 and rezaind i:: the in chive 

phase during develos:l.e;it of <ill b..t a very few kernels on thzS:e e :rsO 

In the le ves 0" these :.Slants, severr~l sr-1~2.1 sectors were present in which 

"pm h7.d ch ;nged from its inJctive to ii;8 active shase ii> the ce-i tL2t 

p;.:ve rise to e.;ch such sector. In most of the ;+lan:s, the e small sectors 

appe :red only in tillers or in $.x-ta of the su? .,rt roots rof the nain 

st ~,lk. 1-t w.s obvious, ho evzr, th.3.t the duration of this p-rticul,:lr 

inacti e pin-zse was lo-g. In csntr st to trlis the s't;le 3pm ele ,ent in the 

plants of 1i and El of c:Ature 77’77 :\J%s undcrg>ing frquent chttn~e in ph-:se 

of its activity. 

AS ment ,-;r:ed e xrlier, the pollen txiren from the tssel produced by 

the m.xAn st:zlk of :;lznt 71098-l con ti,ined so:.ie gr?.i:_s in w::.,ch "pm WLS in 

its inactive pi? ise :ind others in which it :LT s in its active pilase. It is 

-presumed that the tassel WIS sectGria1 z\rith reg.<rd to $iase of activity of 

Qpm. Tests of the hz.se of activity of ogrn in ;..rogeny -reduced by use of 

this ,?o&len is siven in L) of tzble 2, 
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In order to obkin evidence of3pm activity in cells that g .ve rise 

t(J the e,?rs sum:: rized in t-?ble 2, it +~as necess ry in makintl; the cross to 

each e -:r to use ::' ollen from a 31;lnt h:~iving a particu1,m.r coi:ibi.:?-ti !n of 

m.xkers. (rith reg-.rd t,d such m.:.rker, the tc\: ,ed plants w<>;'e of two main 

types : those th::t were ho;-:!ozygo.:s for a2 ,-tnd bt iand also for soLIe other 

m r;:ers th:>t need not be co:;sidered at t:ALs ti ie), and those that c rried 

in their chro ~1s'~ .e 5 a >:lass I s,;:te of a2m-1 (tree dif'feyent class I 

st tes selected for tllia -!?-ur 'ose), or 3 class II st e of a m-l 
2 ' and also 

bt. I'hes e a m-l 
2 CTZ ryin;:; tester .>llnts \qe:-'e homozygous for wx and they had 

no bpm. dhe te::ter plan..s, horl1ozygo;l.s for a2 and bt, wereof three main 

ty;?es: hor.lo.zyr_o s for Jx 2nd h:=;vig no Spm (ty;qe-1), ho, ,oz;~i;;o s for wx and 

having no Spm (type-2), and h:)r:lozygous for wx and carry;q one or more 

&pm ele:,ents e~sch in its active phase 'type-?). L,~O :t of the latter 

pl:lnts ctrried one Spm, linked with wx in o .e chro:Loso,.e 9. dome had 

two tipm ele!:ients lot -ted close to wx in e%ch chro <,so.,e 9 (design-ted 

;ipm/Spm in the tables) or two Spm, one loc-,ted close to wx in one 

chromosol.;e 9 and the other lot?-ted elsewherbe in the chrai,;oso:.e co., le:-:;ent 

(design .ted "pm + Apm in the tables), the l:atter h .-:i:lg been trdns-~:osed 

from a lot-Ition close to wx to a new 1oc::ti n. Each t<,-;oe of te:r:ter slant 

served a purpose in exr7mining Spm beh.vior. 


